There is much discussion in the dental literature regarding the superiority of one impression technique over the other using addition silicone impression material. However, there is inadequate information available on the accuracy of different impression techniques using polyether. The purpose of this study was to assess the linear dimensional accuracy of four impression techniques using polyether on a laboratory model that simulates clinical practice. The impression material used was Impregum Soft TM , 3 M ESPE and the four impression techniques used were (1) Monophase impression technique using medium body impression material. (2) One step double mix impression technique using heavy body and light body impression materials simultaneously. (3) Two step double mix impression technique using a cellophane spacer (heavy body material used as a preliminary impression to create a wash space with a cellophane spacer, followed by the use of light body material). (4) Matrix impression using a matrix of polyether occlusal registration material. The matrix is loaded with heavy body material followed by a pick-up impression in medium body material. For each technique, thirty impressions were made of a stainless steel master model that contained three complete crown abutment preparations, which were used as the positive control. Accuracy was assessed by measuring eight dimensions (mesiodistal, faciolingual and inter-abutment) on stone dies poured from impressions of the master model. A two-tailed t test was carried out to test the significance in difference of the distances between the master model and the stone models. One way analysis of variance (ANOVA) was used for multiple group comparison followed by the Bonferroni's test for pair wise comparison. The accuracy was tested at a = 0.05. In general, polyether impression material produced stone dies that were smaller except for the dies produced from the one step double mix impression technique. The ANOVA revealed a highly significant difference for each dimension measured (except for the interabutment distance between the first and the second die) between any two groups of stone models obtained from the four impression techniques. Pair wise comparison for each measurement did not reveal any significant difference (except for the faciolingual distance of the third die) between the casts produced using the two step double mix impression technique and the matrix impression system. The two step double mix impression technique produced stone dies that showed the least dimensional variation. During fabrication of a cast restoration, laboratory procedures should not only compensate for the cement thickness, but also for the increase or decrease in die dimensions.
Introduction
Polyether impression materials are gaining popularity because of their physical properties, dimensional stability and ability to reproduce a highly accurate replica of the oral structures [1] [2] [3] [4] . It was first introduced in dentistry in the late 1970s. Due to its hydrophilic nature, it forms a low contact angle with gypsum and hence is easy to pour [5] [6] [7] . Its high degree of wettability and absence of volatile by products contributes to better surface detail reproduction [2, 8] and good dimensional stability [2] . Stiffness of set polyether is advantageous when making impressions for implant supported prosthesis for an accurate repositioning of impression transfer copings and in the double arch impression to ensure tray rigidity and reduce the possibility of distortion [9] . However, stiffness can contribute to difficulty in impression removal from areas of tissue undercuts, and the retrieval of casts from the impression with resultant die breakage [10] . Another version of polyether impression material designated as 'soft' was developed with a goal of overcoming the stiffness of polyether for achieving ideal handling and convenience [11, 12] .
Polyether was initially available in a single regular viscosity. Though slight modification of the viscosity was possible with the use of a diluent, monophase impression technique was the most commonly used impression technique [13] . However, with the introduction of heavy and light bodied systems, the use of one/two-step multiple mix techniques became popular. A fourth impression technique, the matrix impression technique for the effective management of the sulcular environment was developed by Livaditis[14, 15] . This technique requires a series of three impression procedures using three viscosities of impression material and the material of choice was polyether due to its high viscosity and necessary elasticity.
There is much discussion in the dental literature regarding the effect of various impression techniques on the accurate fit of cast restorations. Certain authors report that impression techniques do not affect accuracy, whereas others claim that impression materials have improved to such an extent that accuracy may be controlled more with technique than by the material itself [2, 16, 17] . Various authors have reported on the superiority of one impression technique over the other using addition silicone impression materials [8, [16] [17] [18] [19] [20] [21] . However, there is inadequate information available on the accuracy of different impression techniques using polyether.
The purpose of this study was to compare the linear dimensional accuracy of stone models obtained from the polyether impression of a metal master model using the four impression techniques, namely, monophase, one step double mix, two step double mix and the matrix impression technique in order to identify the impression technique that displays the maximum linear dimensional accuracy. A new version of polyether impression material (Impregum Soft TM , 3 M ESPE, Seefeld; Germany) available in three consistencies (heavy body, medium body and light body) was used for the study. Thus, the research hypothesis was that no difference in dimensional accuracy existed between the master model and the stone models that were obtained from the four different impression techniques.
Materials and Methods
A metal master model with three fixed dental prosthesis (FDP) abutment preparations was fabricated, by first fabricating three individual dies. Each die (Fig. 1a ) simulated a clinical crown preparation with an occluso-gingival length of 9 mm and a taper of 10 o . The finish line was a 1 mm wide 90°shoulder to simulate the preparation for an all ceramic crown. Cross grooves were provided on the occlusal surfaces and a vertical groove was inscribed on the labial surface to serve as reference points for making measurements. The three dies were then welded onto a horizontal metal platform measuring 85 9 30 9 10 mm (length 9 width 9 height). A distance of 11 mm was maintained between the dies at the occlusal level. Two holes of 5 mm diameter were drilled on either side of the horizontal metal platform for proper orientation of the perforated metal tray (Fig. 1b, c) .
A rigid metallic perforated tray was fabricated with a space of 4 mm for the impression material and perforations of 2 mm diameter for mechanical retention. Two vertical extensions were provided on the tray such that they fitted onto the corresponding holes on the metal platform for proper tray orientation ( Fig. 2a-c) .
A split metal carrier with a space of 3 mm for the impression material was fabricated to serve as a carrier to form the matrix in the matrix impression technique. A horizontal metallic extension and a 4 mm diameter hole were provided on either side of the sectioned surface for proper orientation and retrieval of the split components ( Fig. 2d, e ).
All the metallic components were fabricated from mild steel and with the exception of the inner surface of the tray and carrier, were chrome plated to avoid rusting. An appropriate tray adhesive supplied by the manufacturer (3 M ESPE) was thinly and evenly applied over the inner surface of the tray and allowed to dry for 10 min before impression making. The impression material was mixed at room temperature (25 ± 2°C) in standard proportions according to the manufacturer's recommendations. For each technique, thirty impressions of the master model were made.
For group I, impressions were made using the one step/ monophase impression technique where medium body impression material (Impregum Soft TM , 3 M ESPE) was hand mixed and used as the tray and syringe material.
For group II, impressions were made using the one step double mix impression technique where heavy body was used as the tray material and light body as the syringe material. Both were used simultaneously without any spacer.
For group III, impressions were made using the two step double mix impression technique with a cellophane spacer. l. Heavy body was used as the tray material and light body as the syringe material.
For group IV, impressions were made using the matrix impression system. Using the sectioned metal carrier, a matrix of polyether occlusal registration material (Ramitec TM , 3 M ESPE) was made over the prepared abutments. On polymerizing, the matrix was separated from the carrier. The facial and palatal sides of the matrix were trimmed with a scalpel blade to maintain a thickness of 1-3 mm. The internal surface of the matrix in these areas was relieved by 0.25-0.75 mm. The internal occlusal surface was not trimmed since it had to serve as a vertical stop to prevent seating of the matrix beyond its original position. Heavy body impression material was syringed on the abutment preparations and also loaded into the matrix. The matrix was then placed on the master model. The perforated tray was immediately loaded with medium body impression material and seated over the matrix impression ( Fig. 3a) .
A working time of 2 min for heavy and medium body and 3 min for the light body impression material was allowed as recommended by the manufacturer. All the impressions were allowed to set on the master model for twice the recommended setting time in the mouth (6 min for heavy and light body and 7 min for medium body). After removal from the master model, the impressions were rinsed under tap water for 10 s and air dried to simulate rinsing of blood and saliva after a clinical impression.
The impressions were stored in an airtight container containing silica gel for 30 min and then poured in type IV dental stone (die stone; modern materials; Heraeus Kulzer, USA). A ratio of 22 ml water: 100 g die stone was used as recommended by the manufacturer. The die stone was manually mixed with distilled water. A thin mix was initially painted on the impression surface using a camel hair brush. The remaining stone mix was vibrated into the impression and the stone models so formed were allowed to set for 1 h before they were separated from the impressions. A flat base was then made for each of the stone models using a custom made elastomeric base former. The stone models obtained from the impressions made using the monophase, one step double mix, two step double mix and the matrix impression techniques were designated as group I, group II, group III and group IV respectively (Fig. 3b ).
The measurements on the master model as well as the stone models were made using a three dimensional coordinate measuring machine (BH.V507, Mitutoyo, Japan) with a least count of 0.001 mm. The specimens were mounted on a jig to ensure that the occlusal surfaces of the three abutments were oriented in the horizontal plane (Fig. 3c ). The measurements of inter-abutment, faciolingual and mesiodistal distances were made from the master and the stone models. The various distances measured were designated as follows ( Fig. 1c ).
Mesiodistal distances-AB (die 1), CD (die 2), EF (die 3) Faciolingual distances-GH (die 1), IJ (die 2), KL (die 3) Inter-abutment distances-BC (between die 1 and die 2), DE (between die 2 and die 3)
The mesiodistal, faciolingual and inter-abutment distances were measured 1 mm below the occlusal plane to avoid error using a 1 mm diameter probe. All the distances were calculated using 3D-Geopak-3 (version 5.42) computer software. Each distance for each specimen was measured three times and the mean value was calculated.
Preliminary analysis of variance revealed no significant effect on the replicate measurements which allowed the use of a mean measurement for each specimen. The measurements on the master model and the stone models were tabulated and statistically analyzed.
The means for each distance location on the master model was used as the standard for comparison to the corresponding mean distances on the stone models obtained from the various impression techniques. The arithmetic mean, standard deviation, and percentage deviation of the stone models from the master model were calculated for each of the four groups (Tables 1, 2, 3, 4 ).
(a) The arithmetic mean was calculated as:
Where P = sum of, Xi = individual values, N = total number of observations. 
Where P = sum of, Xi = individual values, X = arithmetic mean, N = total number of observations.
(c) The percentage deviation of the stone models from the master model was calculated using the following formula;
Where msm = mean distance of the stone models, mmm = mean distance of the master model.
(d) The absolute change (dev) of the stone models from the master model was expressed as the difference in the means of the two samples.
(e) The degrees of freedom (df) were calculated as the total sample size minus one degree of freedom for each mean that was calculated.
A two-tailed t test was carried out to test the significance in difference of the distances between the master model and the stone models (Tables 1, 2, 3, 4). The two-tailed t test would document differences in either direction. One way analysis of variance (ANOVA) ( Table 5 ) was used for multiple group comparison followed by the Bonferroni's test (Table 6) for pair wise comparison. The level of significance was determined by the p value. If the table value (t) is large, the p value will be small, because it is unlikely that a large t ratio will be obtained by chance alone. If the p value is 0.05 or less, it is customary to assume that there is a real difference.
Conceptually, the p value is the probability of being in error if the null hypothesis of no difference between the means is rejected and the alternative hypothesis of a true difference is accepted [22] .
In this study, the p value and its implications are given as follows: 
Results
For group I stone models (Table 1) , the two-tailed t test revealed a highly significant difference for each measurement location between the master model and stone models except for inter-abutment distances BC and DE.
For group II stone models (Table 2) , the two-tailed t test revealed a highly significant difference for each measurement location between the master model and stone models except for mesiodistal distance AB.
For group III stone models (Table 3) , the two-tailed t test revealed a highly significant difference for all the measurement location between the master model and stone models.
For group IV stone models (Table 4 ), the two-tailed t test revealed a highly significant difference for each The two-tailed t test revealed a highly significant difference for each measurement location between the master model and group I stone models except for the inter-abutment distances BC and DE The two-tailed t test revealed a highly significant difference for each measurement location between the master model and group II stone models except for the mesiodistal distances AB The two-tailed t test revealed a highly significant difference for all the measurement locations between the master model and group III stone models J Indian Prosthodont Soc (Oct-Dec 2013) 13(4):428-438 433 measurement location between the master model and stone models except for the inter-abutment distance BC. One way ANOVA (Analysis Of Variance) ( Table 5 ) for comparison of the distances between groups revealed a highly significant difference for each distance location (except inter-abutment distance BC) between any two groups of stone models obtained from the four impression techniques.
Bonferroni's test ( Table 6 ) for comparison of the mean distances between any two groups revealed • Significant difference in distances (except inter-abutment distance BC) between group I and group II stone models. • Significant difference in distances (except mesiodistal distance AB, and inter-abutment distance BC) between group I and group III stone models. • Significant difference in mesiodistal distance EF, faciolingual distance GH, and inter-abutment distance DE between group I and group IV stone models. • Significant difference in mesiodistal distance EF between group II and group III stone models.
• Significant difference in mesiodistal distance AB between group II and group IV stone models. • Significant difference in faciolingual distance KL between group III and group IV stone models.
Discussion
Numerous studies [16] [17] [18] [19] [20] [21] 23 ] have compared the accuracy of various impression techniques for addition silicone, but there are no similar studies comparing the accuracy of impression techniques for polyether impression material. Polyethers were usually available as a medium consistency material to be used with the monophase impression technique. They are now available in low, medium and heavy consistencies for application in the multiple mix impression techniques. This in vitro study was therefore designed to determine the impression technique that displays the maximum linear dimensional accuracy for polyether by assessing the linear dimensional change occurring along the horizontal axes of tooth preparation in a partial arch impression. The accuracy of the traditionally used monophase impression technique was also compared to the accuracy of the double mix and matrix impression techniques. Thus, the null hypothesis of no difference between the master model and stone models and the accuracy of the four impression techniques was tested at a = 0.05. The master model used was a highly polished machined steel die to facilitate better contact of the measuring probe of the three dimensional coordinate measuring machine. The perforations of the impression tray were kept parallel and perpendicular to the tensile axis for mechanical retention and tray adhesive provided the additional retention. Tray adhesive would minimize the marginal opening of a casting and also help to counteract the polymerization shrinkage of impression materials by redirecting this shrinkage towards the impression tray walls [9, [24] [25] [26] [27] . A 4 mm space was provided for the impression material in The two-tailed t test revealed a highly significant difference for each measurement location between the master model and group IV stone models except for the inter-abutment distance BC The one way ANOVA revealed a highly significant difference for each distance (except inter-abutment distance BC) between any two groups of stone models obtained from the four impression techniques accordance with the recommendation by Bomberg et al. [28] . who referred to Farah et al.
All the impressions were allowed to set on the master model for twice the recommended setting time in the mouth in order to compensate for the polymerization occurring at room temperature (25 ± 2°C) rather than mouth temperature (32 ± 2°C) in accordance with ADA specification No. 19 [13, 17, 19, [29] [30] [31] . The impressions were poured after 30 min to simulate approximately the elapsed time before an impression could be poured in a clinical situation [4] . Before pouring, all the impressions were stored at room temperature for 30 min in an air tight container with silica gel to simulate a dry environment because if polyethers are stored in contact with moisture, swelling may occur with an accompanying loss of accuracy [32] .
Monophase Impression Technique
For group I casts obtained using the monophase impression technique, the results showed a decrease in dimensions as compared to the master model varying between 53 lm (0.553 %) to 57 lm (0.610 %) for the mesiodistal distance, 95 lm (1.035 %) and 57 lm (0.628 %) for the faciolingual distance, 22 lm (0.208 %) and 3 lm (0.029 %) for the inter-abutment distances between die 1 and die 2 and die 2 and die 3 respectively.
The dies produced were found to be undersized for all the distances measured as compared to the master model. The tendency for smaller diameter dies from monophase impression technique was also noted by Stackhouse [33] and Johnson and Craig [34] . This was attributed to the hydrophilic nature of polyether impression materials with a tendency to absorb water and swell in contact with improved stone resulting in smaller dies [35] . The relative uniformity in die size variation may be attributed to the relatively uniform bulk of the impression material used resulting in uniform polymerization shrinkage throughout the body of the impression material [27] .
Clinically, smaller die dimensions would result in castings that are too small or too tight [30] . In this situation, laboratory procedures should not only compensate for the cement thickness (20-40 lm) [36] and casting shrinkage of metal but also for the decreased width of the die by using a The Bonferroni's test for comparison of the mean distances between any two groups revealed: significant difference in distances (except interabutment distance BC) between group I and group II stone models. Significant difference in distances (except mesiodistal distances AB and interabutment distance BC) between group I and group III stone models. Significant difference in mesiodistal distance EF, faciolingual distance GH and inter-abutment distance DE between group I and group IV stone models
The Bonferroni's test for comparison of the mean distances between any two groups revealed: significant difference in the mesiodistal distance EF between group II and group III stone models. Significant difference in the mesiodistal distance AB between group II and group IV stone models. Significant difference in the faciolingual distance KL between group III and group IV stone models suitable die relief method. The thickness of one coat of die spacer has been shown to vary from 8-40 lm [9] .
One Step Double Mix/Simultaneous Viscosity Impression Technique
For group II casts obtained using the one step double mix technique, the results showed an increase in the dimensions as compared to the master model varying between 18 lm (0.188 %) to 68 lm (0.712 %) for the mesiodistal distances, varying between 22 lm (0.240 %) and 68 lm (0.749 %) for the faciolingual distances. However the inter-abutment distances between die 1 and die 2 and die 2 and die 3 were found to be significantly less than the master model by 76 lm (0.720 %) and 71 lm (0.677 %) respectively. The dies produced were larger than the master model for all the distances measured except for the inter-abutment distances which were lesser. An in vitro study by Price et al. [37] on the dimensional accuracy of twelve impression materials and die stone combinations also showed stone dies that were larger than the metal master die for polyether when a one step double mix impression technique was used. A similar result of increased mesiodistal and buccolingual dimensions for polyether impression material with the use of a one step double mix impression technique was also noted by Wadhwani et al. [24] . The increase in the mesiodistal dimension was attributed to the unrestricted polymerization shrinkage of the setting material towards the center of the mass in the interproximal areas. The increase in the buccolingual dimension was attributed to the polymerization shrinkage of the impression material occurring towards the mechanically retentive and adhesive coated tray walls.
From a clinical stand point, larger diameter working dies would facilitate complete seating of a restoration [24, 34] . Compensatory application of die spacer could be limited to a single layer.
Two Step Double Mix/Wash Impression Technique
For group III casts obtained using the two step double mix impression technique the results showed an increase in the mesiodistal distances as compared to the master model varying between 14 lm (0.147 %) to 17 lm (0.182 %). The faciolingual distances were found to be less than the master model varying between 14 lm (0.153 %) and 34 lm (0.374 %). The inter-abutment distances between die 1 and die 2 and die 2 and die 3 were found to be significantly less than the master model by 81 lm (0.768 %) and 81 lm (0.773 %) respectively. This uneven die size variation can be attributed to the use of the cellophane spacer where the thickness of the wash material cannot be controlled leading to a differential contraction of the impression material [16] . In the interproximal areas especially, the adaptation of the cellophane spacer is restricted. However, even though there was an uneven die size variation, the range of discrepancy from the master model was small, varying from -0.773 % (-81 lm) to 0.482 % (48 lm).
Matrix Impression System
For group IV casts obtained using the matrix impression technique, the results showed a decrease in the dimensions as compared to the master model varying between 20 lm (0.214 %) to 57 lm (0.596 %) for the mesiodistal distances, 32 lm (0.338 %) and 37 lm (0.407) for the faciolingual distances and a statistically nonsignificant difference of 1 lm (0.009 %) for the inter-abutment distance between die 1 and die 2. However, the distance between die 2 and die 3 was found to be significantly less than the master model by 23 lm (0.219 %).
The matrix impression thus produced dies that were undersized for all the distances measured. The dimensional variation may have occurred probably due to the uneven thickness provided for the heavy viscosity material caused by the arbitrary scraping of the matrix.
Tjan et al. [19] . stated that differences from the master model of approximately 50.0 lm were acceptable clinically, because they were unlikely to prevent the complete seating of a casting. Overall, it was seen that the accuracy of group III and group IV casts were within this accepted range of 50 lm for most of the measurements except for inter-abutment distances of group III casts and mesiodistal distance of die 1 and abutment height of die 2 for group IV casts.
From the bar charts (Figs. 4, 5, 6), it is evident that the group III stone casts produced by using the two step double Fig. 4 Multiple bar diagram showing a group wise comparison between the master model and the stone models produced by the four impression techniques mix impression technique produced casts that consistently showed the least dimensional variations from the master model for most of the distances measured. However, Bonferroni's test for comparison between two groups did not show any statistically significant difference between group III and group IV stone casts for the various distances measured (except for the faciolingual distance KL).
The most accurate results for mesiodistal and faciolingual distances were shown by group III casts. Inter-abutment distances were less than the master model for all the casts (though statistically non significant for group I and distance BC of group IV casts).
The limitation of this study lies with differences in making impressions in vivo compared to in vitro. No moisture equivalent to saliva was used, neither was the biofilm that exists on oral surfaces and comes into contact with the impression material simulated. The effect of seating pressure, impression removal forces and setting expansion of stone was not assessed. The measuring system used was linear, and so did not account for any rotational changes that might have occurred in the shape of the gypsum models.
Conclusion
Within the limitations of this study the following conclusions were drawn: 1. Overall, the two step double mix impression technique yielded casts that showed the least dimensional variation from the master model as compared to the other impression techniques. 2. The matrix impression system also produced casts that were within the clinically accepted range and was not significantly different from the two step double mix impression technique. 3. Monophase impression technique produced casts that showed the greatest dimensional variation for the mesiodistal and faciolingual distances. However, it showed very little dimensional variation for the interabutment distances. 4. Casts produced from the one step double mix impression technique and monophase impression technique varied significantly from each other and the other two impression techniques (two step double mix and the matrix impression system) for some of the distances measured. However, the clinical significance of this magnitude of difference between techniques is uncertain.
